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E. Abstract – I intend to collect tree cores from dead trees in the Global Climate Change plots administered by the USGS, BRD office and also from a reference sample of live trees just outside these plots. The tree ring information from these cores will be used to develop models of the relationship between growth rate and cause of mortality, using variables such as recent growth, growth trend, and pattern of sharp growth declines. The ultimate goal is to improve understanding of the processes involved in tree death and to improve the assumptions of models used to predict the effects of global climate change on forests.
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II.
OVERVIEW 

A.
Statement of issue -     Tree death is a fundamental aspect of forest dynamics and a necessary component in any model of forest ecosystems. With predictions of global climate change becoming ever more prevalent and with the likelihood that such changes will have serious impacts on forests (Joyce et al. 2001), understanding the processes behind tree mortality is becoming vital. This research will address some of the gaps in current modeling techniques and will not only contribute to a better understanding of tree death but also to better predictions of forest change.
     Sequoia National Park provides an ideal location in which to base this study because of the presence of the global change tree demography plots administered by the USGS, BRD office. These plots provide annual mortality and mortality cause data going back up to 20 years. Such long term tree mortality data, and particularly mortality cause data, are rare and will provide a necessary context in which to examine tree ring records. 
B.
Literature summary -     Models that assess the potential effects of global climate change on forests are limited by our incomplete understanding of why trees die. Efforts to characterize tree mortality are hampered by the complexity of the process and, with regard to adult trees, its infrequent nature. Mortality is therefore usually modeled as a function of tree vigor, which is measured in terms of growth rate (Keane et al. 2001). 

Although the relationship between slow growth and mortality has been shown in a number of studies, recent work has demonstrated that this relationship is more complex than previously thought and that this complexity can have profound effects on forest composition and dynamics (Pacala et al. 1996, Wyckoff and Clark 2002). Wyckoff and Clark (2002) reported that the connection between tree growth rate and mortality can vary significantly with species and that these differences radically alter model predictions. In addition, Stephenson et al. (unpublished) have shown that growth-mortality functions can vary significantly with the cause of mortality. In particular, slow growth weakens as a predictor of tree death from stress mortality (direct physiological death) to biotic mortality (pathogens and insects) to mechanical mortality (breaking, uprooting, crushing).

This latter finding may have great implications for predicting the effects of climate change. If the exact nature of the growth-mortality relationship can have large impacts on model projections and this relationship varies by cause of death, then understanding the processes behind the various causes of death becomes crucial, including their particular associations with growth and the spatial and temporal patterns that characterize those associations.

Studies of tree mortality, however, are often based on small sample sizes and short-term records (Wyckoff and Clark 2000). Long-term data are particularly important given that events leading to reduced growth rate can precede mortality by decades (Pedersen 1998). In the case of Stephenson et al. (unpublished), the authors had access to extensive, many-year datasets, but they were forced to rely on 5 year diameter measurements for growth rates. If we are to understand fully the processes that drive tree death, tree growth rate and mortality will have to be examined on a broader time scale. 
One method to approach this broader time scale is through the examination of tree rings. As an example, Bigler and Bugmann (2003) have demonstrated a model that uses multiple tree rings metrics, such as recent growth rate and growth trend, to predict mortality with some accuracy.

C.
Scope of study – It is my hope to collect the majority of my data at Sequoia National Park and then make further data collections at Yosemite National Park, Blodgett Research Forest, and Plumas National Forest to validate the results across the Sierras. The mortality relationships developed will be most directly relevant to the Sierra Nevada, though they should help provide insights into the nature of tree mortality in general.

D.
Intended use of results – I intend to use the results as the major part of my PhD dissertation and as the basis for publications.
III.
OBJECTIVES/HYPOTHESES TO BE TESTED
I will investigate the temporal and spatial characteristics of different tree mortality causes through the collection of dendrochronological data and the analysis of tree stem maps. The use of tree ring data will not only provide a method of extending our knowledge of growth-mortality relationships by cause over a much longer time interval but also give insight into the patterns of tree growth preceding death. Tree death can be viewed in the context of a series of stresses that eventually result in mortality (Manion 1981, Waring 1987), and an attempt to quantify these stresses can be made by examining patterns of sharp growth declines in tree ring data (Pederson 1998). I will examine how these patterns differ by mortality cause by using methods such as those developed by Pederson (1998). In addition, I will use complete spatial techniques to examine spatial clumping and competition patterns as they relate to cause of death. My specific objectives are as follows:

1) Use tree ring data to develop growth-mortality functions by mortality cause for increasing time windows preceding death to elucidate the relationship between growth and probability of mortality over a broader time span.

2) Develop models of sharp growth declines by mortality cause to provide a more detailed mechanistic understanding of the processes leading to tree death. 
3) Attempt to unify recent growth rate, growth trend and sharp growth decline metrics into a single model for assessing probability of  tree mortality by mortality cause.
4) Examine the spatial distribution of tree mortality to look for different patterns of clumping and competition by mortality cause to increase our understanding of the impact of different types of tree death on forest structure.

5) Validate these analyses over a broader geographic range by examining additional study sites.

Hypotheses: 

I pose that the long-term growth and spatial patterns of tree death will vary with cause of mortality. Specifically:

1) Biotic death will show moderate strength in the relationship between growth rate and probability of mortality, will have a significant occurrence of one or more sharp growth declines, will have clumping patterns, and will have a moderate to weak relationship with competition.

Rationale: Pathogens will reduce tree vigor and also tend to attack slow growing trees, but slow growth and competition relationships will be weakened by differing pathogen characteristics, including their varying ability to attack healthy trees. Pathogen attack and other stresses will also result in sharp growth declines. In addition, bark beetle clustering (Maloney and Rizzo 2002) and rot centers (Hansen and Goheen 2000) should cause some clumping.  

2) Mechanical death will not have slow growth relationships for any time interval, will not have patterns of sharp growth declines, and will have a relatively non-clumped distribution without a pattern of competition.

Rationale: Because of the largely physical nature of mechanical death, the relationship between growth and probability of death will be weak as will its association with competition and sharp growth declines. Though crushed trees might show a certain clumping, those that fall will tend to be isolated or simply taller than the surrounding canopy.

3) Stress death will have a strong relationship between growth and probability of death at all time intervals, will have no patterns of sharp growth declines, will be clumped, and will have a significant relationship with competition.

Rationale: Because stress mortality is a result of direct physiological strain, it will follow the expected pattern of slow growth preceding death. It will also occur more frequently in competitive environments and be clumped with other trees that die from the same local stresses. Since stressed trees have presumably died without biotic attack, there should not be patterns of sharp growth declines, though this prediction may be clouded by severe climatic stresses.
IV.
METHODS - 

A. Description of study area – I plan to take my samples in 11 of the global change demography plots:

CCRPIPO: off the Crystal Cave Road, UTM 338 964 E, 4048 526 N

BBBPIPO: off the Crystal Cave Road, UTM 339 956 E 4047 936 N

Lower Log: Giant Forest, UTM 4047106N, 344624E

Upper Log: Giant Forest, UTM 4047220N, 344943E   

Log SEGI: Giant Forest, UTM 4047248N, 344784E

Log Meadow Crescent Creek: Giant Forest, UTM  4047610N, 344370E

Suwanee ABCO: along Suwanee Creek, UTM 4052087N, 339327E

Suwanee PILA: along Suwanee Creek, UTM 4052150N, 339190E

Suwanee Creek: along Suwanee Creek, UTM 4052034N, 339276E

Panther Gap ABMA: off Panther Gap/Alta Peak trail, UTM 4050107N, 347732E

WatchTower ABMA:off Watchtower/Emerald Lake trail,UTM 4051632N, 347203E

B.
Procedures – 


Field Procedures:
1) Locating samples: Dead trees will be located using stem maps provided by the USGS, BRD Research Office. Live trees will be located in a band outside a given plot, the band’s width widened until the enough live sample cores are collected. For each live tree, its diameter at breast height and local competitive environment will be measured (via prism and nearest neighbors).
2) Core collection: cores will be collected using increment borers. The core thus collected will be placed in a labeled paper straw for drying. Increment borers will be dipped in bleach after each sample tree so as to prevent inadvertent pathogen spread.


Lab Procedures:
1) Core Mounting: After they have dried, cores will be glued to grooved mounts and sanded to clarify rings.

2) Core Measurements: Ring widths will be measured using a dissecting microscope and sliding stage micrometer.

C.
Collections - Tree cores will be collected using increment borers as described above. Two cores will be collected from a small subset of live trees for cross-dating purposes. Four species will be collected in the following numbers:


White Fir (Abies concolor): 380 dead/410 live



Sugar Pine (Pinus lambertiana): 220dead/250 live



Red Fir (Abies magnifica): 145 dead/175 live



Incense Cedar (Calocedrus decurrens): 90 dead/120 live
Note: The above numbers were estimated using USGS, BRD databases for the dead trees with a focus on larger size classes and on more recently dead individuals. It is likely that time constraints and difficulties in locating trees will reduce the actual number of cores taken.

D.
Analysis – The tree ring measurements will be used to derive a series of growth metrics for input into logistic regression models, and live tree measurements will also be used to develop a master chronology to cross-date the dead trees where necessary. The growth metrics will be derived for each species and by appropriate size classes. They will also be categorized by cause of death. The classes of metrics are as follows:


1) Growth level: average most recent growth over varying time intervals (i.e. last 5 years, last 10 years, etc.)


2) Growth trend: slope of most recent growth over varying time intervals


3) Sharp growth changes: Number of sharp positive or sharp negative growth changes of most recent growth over varying time intervals. Note: sharp growth changes will be defined based on the distribution of growth changes in live tree dataset


Logistic regression models will be developed for each mortality type as compared to live trees to look for differences in the most powerful predictive variables for each cause of death. 


A multinomial analysis (a model that categorizes each tree by its growth pattern into live, dead biotic, dead mechanical, and dead stressed) may also be used depending on the variability in the data.


E.
Schedule – Field collection will begin in mid-June of 2003 and continue until the last week of August. It would then continue into the fall on weekends as weather allows. Depending on the success of the 2003 field season, continued collection might be pursued for summer 2004, although that summer might also be devoted to other field sites.

F.
Budget – My academic year salary is provided by the University of California at Berkeley. Summer funding will be from McIntire-Stennis, including salary and $4500 for supplies and travel.
V.
PRODUCTS

A.
Publications and reports – The primary goal of this research will be a PhD dissertation as well as associated peer-reviewed journal publications.

B.
Collections –  The cores will be archived in John Battles lab at the University of California at Berkeley for 10 years for processing and analysis. They will, however, be made available to the National Park Service or the USGS, BRD office at Sequoia upon request.

C.
Data and other materials –  The data will be used for my PhD dissertation as well as associated journal publications. A copy of the dataset generated in this process will be given in its entirety to the USGS, BRD office at Sequoia (and to the NPS should they desire a separate set).
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VII.
QUALIFICATIONS -     I acquired much of my experience doing Ecological research and monitoring at Sequoia National Park from 1996 to 2000, working as a biological technician for both the USGS, Biological Resources Division and the National Park Service. I assisted primarily with the tree demography program—working in the very plots in which I propose to collect samples for my dissertation research. 

     During the summer, I collected data in these plots, both working on field crews and eventually supervising and training them. In the winter, I assisted Dr. Nate Stephenson with data analysis for the study. I wrote many programs to help analyze the various patterns in both tree mortality and its causes, and I was very involved in the preparation of two papers on the subject, both of which are still awaiting publication. I was also involved in discussions to refine the study and in writing some of the protocols for the data analysis and management.    

     Additionally, I worked with a PhD student from Berkeley on a study to assess the impact of fire on forest structure at the landscape level. The study involved the collection of a variety of data, including tree heights and diameters, tree locations, seedling counts, litter and duff measurements, light measurements, and shrub and herbaceous cover estimates. I served as a crew leader and supervisor on this project. 

     Other projects in which I was given the opportunity to participate included data collection for the improvement of a forest model; a seedling recruitment and survival study associated with the demography project; a Master's project to assess vegetation changes in Sierran forests by re-reading 30 year old transects; the collection of tree ring data in a remote Sequoia grove to assess stand age structure; and an air quality monitoring project supervised by Annie Esperanza. In all of these projects I acted as a crew member, crew leader, or as an assistant to the project director.

     I have also worked with Sylvia Haultain, assisting with the data management of the meadow monitoring program at the park, and have had involvement with a study assessing fire effects on stream chemistry and a program monitoring for acid rain.

     In addition, with regard to this project, I have the assistance and guidance of Dr. John Battles, my advisor, an experienced forest community ecologist. In addition, Dr. Stephenson and Dr. VanMantgem of the USGS, BRD office are both supporting and assisting me with the development of this study. I will also be taking a dendroclimatology course this spring taught by Dr. Malcolm Hughes at the Laboratory of Tree-Ring Research at the University of Arizona.
VIII.
SUPPORTING DOCUMENTATION AND SPECIAL CONCERNS 


A.
Safety – No extraordinary safety concerns should accompany this data collection as all sites are within a day’s walk and none of the equipment used poses distinct hazards.

B.
Access to study sites – All of the sites are easily accessible from a trail. A given area will be visited regularly until data collection is complete for that area. No backcountry camping will be required.

C.
Use of mechanized and other equipment – No mechanized equipment will be used other than possibly a battery-powered hand drill to aid with coring.

D.
Chemical use – A diluted bleach solution will be used to sterilize the borer betweens samples. It will be carried in a screw-capped Nalgene-type bottle and secured in layers of plastic bags.
E. Ground disturbance – There will be no ground disturbance other than walking to the sites.
F. Animal welfare – NA

G.
NPS assistance – NPS field assistance will not be required.

H.
Wilderness “minimum requirement” protocols – No mechanized equipment will be involved in this project, other than possibly a small, battery-powered hand drill to aid with coring. The sites will be reached on foot, and no markers, temporary or permanent, will be left in the field. It is also worth noting that this research will be conducted in or adjacent to established research plots. 
